Abstract. -BACKGROUND: Ketorolac tromethanime is a non steroidal anti inflammatory drug and its efficacy on acute pain control after abdominal surgery has been well documented. It has a rapid onset and it can be given both for intra operative and for post operative pain management.
Introduction
Non-steroidal anti-inflammatory drugs (NSAIDs) have become popular for pain relief after surgery. Ketorolac tromethanime is a non steroidal anti inflammatory drug that inhibits both cyclo-oxygenase and lipo-oxygenase enzymes, thereby, preventing the synthesis of both prostaglandins and leukotrienes 1 , and may also release endogenous opioids 2 . These properties of ketorolac may make it more potent than other NSAIDs. Its analgesic efficacy has been studied extensively for the treatment of pain in many clinical settings. After major abdominal, orthopedic or gynecological surgery or ambulatory laparoscopic or gynecological procedures, ketorolac provides relief from mild to severe pain 3 . It is available in both oral and parental forms. Injectable ketorolac is primarily used in intramuscular administration; however, it has also been reported the intravenous administration [4] [5] [6] [7] . Ready et al 8 have demonstrated that intravenous ketorolac administered to middle-aged patients after general, gynecologic, or orthopedic surgery was equally effective when administered either as a continuous infusion or as intermittent boluses. Both methods were well tolerated and were associated with a 25% reduction in morphine consumption and lower pain scores compared to placebo.
The role of adjunctive NSAIDs for patients after abdominal or gynecologic surgery is controversial, since not all studies reported significant benefits 9 . In contrast, the analgesic efficacy of NSAIDs in major orthopedic surgery is well documented. Ketorolac is proved to be a safe alternative drug providing equivalent analgesia to opioids without opioids-related adverse effects for post-operative analgesia in children 10, 11 and has already been used in children undergoing urological surgery 12, 13 . Park et al 14 reported that Ketorolac, as a cyclooxygenase inhibitor, can reduce the frequency and severity of bladder spasms after intravesical ureteroneocystostomy. Preventive analgesia using non-opioid analgesic strategies is recognized as a way to improve postoperative pain control while minimizing opioid-related side effects. Ketorolac is frequently used, but the optimal dose and means of administration for systemic single dose Ketorolac in preventing postoperative pain is not well defined. De Oliveira et al 15 performed a quantitative systematic review to evaluate the efficacy of a single dose of perioperative ketorolac on postoperative analgesia. It showed that single dose systemic Ketorolac is an effective adjunct in multimodal regimens to reduce postoperative pain. Improved postoperative analgesia achieved with Ketorolac also lead to a reduction in postoperative nausea and vomiting. The 60 mg dose offers significant benefits but there is a lack of current evidence providing that the 30 mg dose offers significant benefits on postoperative pain outcomes.
Due to these conflicting results, in the present study we aimed to evaluate if there were differences in post operative pain control when administering Ketorolac either in continuous infusion, or in boluses.
Materials and Methods
This study received approval by our Institute and Ethical Committee of Catholic University of Rome, Italy. Each patient gave signed informed consent before inclusion.
We studied eighty ASA I women, 30-50 yrs of age, scheduled for elective gynecological surgery. Patients were enrolled if they had to undergo laparotomic hysterectomy.
Exclusion criteria included obesity (body mass index > 30 kg/m 2 ), cardiac and respiratory diseases, renal impairment, liver disorders and allergies to any of the drugs used in this study.
Electrocardiogram, basal temperature, pulse oximetry (SpO 2 ), non-invasive blood pressure (NIBP), and end tidal carbon dioxide concentrations (EtCO 2 ) were monitored during anaesthesia. Bispectral index values (BIS) were monitored and maintained between 40-60 in order to reduce the occurrence of intra operative awareness.
General anaesthesia was standardized for all subjects. During induction, patients received Fentanyl (4 mcg/kg), Propofol (2 mg/kg), and Vecuronium (0.1 mg/kg). After intubation, anaesthesia was maintained with a mixture of oxygen (40% O 2 ), air and sevoflurane (2-2.2%). Fentanyl was given in bolus so that heart rate and blood pressure did not exceed more than 15% from the basal values. Volume controlled ventilation was used and adjusted to maintain a normal range of expired CO 2 (i.e. 35-40 mmHg).
After intubation, a urinary catheter was inserted, and urinary output was monitored throughout the 24 hours of the study.
Fluid management was 10 ml/kg/h, using both crystalloids and colloids as necessary during surgery.
Patients were randomly allocated in two groups. In the Ketorolac continuous infusion group (Group A), patients were connected after surgical incision to a 24h analgesic infusor (2 ml/h) containing morphine (0.02 mg/kg/h) and ketorolac (90 mg). In the Ketorolac bolus group (Group B), patients were connected after surgical incision to a 24h analgesic infusor (2 ml/h) containing morphine (0.02 mg/kg/h); and then, Ketorolac was given in bolus after the end of surgery and every 8 hours for the first 24 hours (Table I) .
Post-operative pain scores were assessed using a 100 mm Visual Analogue Scale (VAS) at rest and after coughing every 8 hours for 24 hours. We asked each patient to answer the following question (by placement of a slash mark): "How much pain do you feel from 0 to 10?" (evaluating: 0 as no pain at all, 1-2 mild pain intensity, 3-5 moderate pain intensity, 6-8 severe pain intensity, 9-10 worst pain ever felt). We divided patients in two groups: patients with a pain score < 6, and patients with a pain level > 6. Patients with VAS value higher than of 6 received Tramadol (100 mg i.v.). At the same times of VAS we also used the Ramsay sedation scale 16 (RSS). With the RSS we wanted to assess the level of sedation of our patients throughout the 24 hours of the study. We evaluated: 1: anxious, agitated or restless, 2: oriented, calm and co-operative, 3: responsive to commands only, 4: exhibiting brisk response to light glabellar tap or loud auditory stimulus, 5: exhibiting a sluggish response to light glabellar tap or loud auditory stimulus, 6: unresponsive.
Furthermore, we registered adverse effects such as: nausea, vomiting, pruritus and ventilator depression.
Statistical Analysis
Statistical analysis was performed by using the Statistical Package for Social Science (SPSS), release 15.0 (SPSS Inc., Chicago, IL, USA). The VAS score was expressed as median and range.
The statistical difference of frequency of patients with VAS higher or lower than six in Group A and B was calculated using the c 2 test. The statistical significance was set at p < 0.05.
Results
80 patients were enrolled in this study. Of these, five did not complete the 24 hours observation period. Two patients belonged to the continuous infusion group, and were excluded from the protocol for a technical reason (interrupted infusion for analgesic infusor failure).
Three patients from the bolus group were withdrawn: one patient because she took another NSAIDs (Ibuprofen instead of Ketorolac), another was excluded because of lack of analgesic efficacy, and the last one was excluded due to analgesic infusor failure.
All surgeries lasted 70 ± 15 minutes. The evolution of pain intensity was measured 30 minutes after the end of surgery (T0), and every 8 hours from the end of anesthetic procedures, for the first 24 hours (T1, T2 and T3 respectively).
As showed in Figure 1 , panel b), at T0 Tramadol was not necessary in both groups, because our patients did not feel enough pain to require a rescue analgesic.
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A study about Ketorolac and post operative pain management We observed a higher value of median VAS in group A, with respect to group B at T1. 50% of group A patients had a VAS score > 6 and required Tramadol. This percentage was much higher with respect to group B at T1 (8%).
At the same time, as can be seen in Figure 1 , panel a, median VAS value was 6 in group A, and just 3 in group B. These results are statistically significant, showing that in patients receiving Ketorolac continuous infusion pain was not managed as necessary during post operative.
Panel a) also shows that at T2 the median VAS was the same 4 in both groups, but as documented in panel b), Tramadol was given to 18% of group A patients, and to 11% of group B.
Results at T3 where quite similar to those as T2. Median VAS was 4 in group A, and 3 in group B. However, at this time, 14% of Ketorolac continuous infusion group patients required Tramadol due to a VAS score higher than 6.
The total frequency of patients that required Tramadol administration was 31 out of 38 and 8 out of 37 subjects belonging to groups A and B, respectively. The Odds Ratio of group A patients asking for more pain killer was 16.0 [5.2-49.9] (p < 0.001) compared to group B.
The RSS measured at prearranged times did not show significant changes among groups at any time.
During all the 24 hours of the study, respiratory rate and oxygen saturation were measured in all patients, and no clinically significant changes were found. There were no statistical differences between groups regarding patients reporting post-operative nausea or vomiting, even if it was higher in the Ketorolac continuous infusion group, where patients assumed Tramadol. In these cases, nausea and vomiting were effectively treated with metoclopramide.
Discussion
Ketorolac is a parenteral non-steroidal anti inflammatory drug (NSAID) widely used for intraoperative and post-operative pain management.
Several studies focused on the efficacy of Ketorolac in combination with opioids (especially morphine) 17 and it is well documented that patients receiving Ketorolac during post operative required a lower amount of morphine using a patient-controlled analgesia (PCA) 8 . Furthermore, Jo et al 18 showed that intermittent Ketorolac administration with a low-infusion rate can be used to improve post-operative analgesia.
However, the reduction in opioid use was not statistically significant in all the studies that allocated patients in a Ketorolac continuous infusion group and in a Ketorolac bolus group. In fact Etches et al 19 reported that there were no differences in analgesia if Ketorolac was administrated intra venous with continuous or intermittent infusion. Burns et al 20 , instead, found that there was great morphine sparing if Ketorolac was given in continuous infusion by intra muscular route.
Due to all these conflicting results, the purpose of the present study was to try to understand if there is a clinical benefit if Ketorolac is administrated by boluses at scheduled times or by continuous infusion.
The reason why we found that Ketorolac in bolus led to a better pain relief could be related to its pharmacokinetic.
The Food and Drug Administration (FDA) reports that in adults, the bioavailability following administration of the oral or the IM form of Ketorolac, was equal to that following an i.v. bolus.
Ketorolac has a half-life for absorption of 3.8 min after oral and intramuscular administration 21 . The plasma elimination half-life is about 5 or 6 hours. In their study, Cohen et al 22 observed that if Ketorolac is given with continuous infusion, its plasma levels decrease progressively and at 4 and 6 hours after the dose, Ketorolac levels are lower than Ec50 in 50% and 71% of the population they studied, respectively. Several studies 22, 23 showed that more than 96% of Ketorolac related material circulating is the parenteral drug, since it undergoes a minimal metabolism. Half maximal effect for analgesia in adults is 0.37 mcg/ml 23 . In our investigation all patients received morphine during the first 24 hours of post operative, in order to guarantee a basal pain relief. Tramadol was then administrated only if VAS score was higher than 6.
We did not find significant opioids side effects such as desaturation (SpO 2 lower than 90%) or higher levels of sedation (RSS > 2).
Regarding Ketorolac's most frequent side effect, there were no differences between groups about post-operative blood loss.
Even if we didn't include in the study patients with renal impairment, we also did not assess renal function, which should be considered, especially for elderly patients.
Thanks to the short term Ketorolac administration (24 hours only) no gastrointestinal side effects such as bleeding or peptic ulceration were reported.
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